A preaccelerator is being developed at Argonne National Laboratory (ANL) in a program to demonstrate the accelerator technology which will be needed for power plants utilizing inertial-confinement fusion (ICF). The preaccelerator has been constructed and is now undergoing performance tests with the initial objective of achieving pulsed 30 mA beams of 1.5 MeV
Introduction
System designs for commercial power plants utilizing inertial-confinement fusion driven by heavy-ion accelerator systems are showing excellent progress. The most promising design concepts incorporate a full energy linac to fill multiple storage rings with greater than 1 Megajoule of beam energy which must be extracted on to a deuterium-tritium pellet in a 10 nanosecond pulse. Projects to demonstrate the accelerator technology necessary for The Dynamitron power supply performs very well for pulsed duty up to 2 MV and probably higher. With the new terminal and column the total capacitance is approximately 500 pF, so the damage from a spark is minimal. During 100 Vs beam pulses the oscillator will be ramped to minimize voltage droop. At 1.5 MV the voltage droop will be less than 0.25% for 42 mA of beam associated current. This capability can easily be doubled by adding a second pass tube with energy storage in parallel with the original oscillator pass tube.
Heavy Ion Source
The low-emittance heavy ion source for our preaccelerator was developed under contract by Hughes Research Laboratories (HRL) and is described in detail elsewhere in this conference.3 It is a scaled-up version of their very successful 2 mA single aperture source whose performance is also described at this conference.4 These utilize a Penning discharge for low plasma temperatures and a Pierce extraction for minimal emittance dilution during acceleration. Any vaporized element can be accelerated by these sources; however, Xe is the least problematic of the heavy elements. A mercury vaporizer similar to those used by HRL in their ion thrusters for space propulsion has been used successfully in source tests, but its practicability needs demonstrating. An accelerating column would have to be developed which could avoid contamination of the electrode and insulator surfaces with condensed mercury. These uncertainties and the safety aspects of mercury eliminate it from consideration in our present program.
The ion source has a divergent solenoidal magnetic field which is produced by permanent bar magnets arranged outside the anode. The filament (cathode) is on continuously, but the gas valve and anode are pulsed. In typical operation the gas valve is opened for 5 ms and then 30 ms later the anode is pulsed for 100 ps. The current extracted is a function of the electric field of the first gap of the accelerating column. The source and column are designed to handle up to 100 mA of Xe+l with a current density of 15 mA/cm2.
The ion source has been tested at HRL to currents of 100 mA into a low voltage and 30 mA at an extraction voltage of 100 kV. No problems of sheath instability across the 3 cm aperture were encountered and the Xe+l component was measured to be greater than 90%. Emittance measurements will be made in our beam line. The normalized transverse emittance is expected to be less than 0.01 cm mrad. The source turns on in less than 10 Vs, but it requires more than 100 ps to shut down. Development work will continue on reducing this transition time to minimize the time that beam is spraying the column from being overfocussed at low current densities.
The source timing pulses are transmitted to the terminal via two Augat fiberoptic data links capable of 10 Mb/s. At present the voltages of the terminal power supplies are adjusted by control rods. These will soon be replaced and full monitoring capability installed via additional fiberoptic links.
Accelerating Column
The high-gradient accelerating column is illustrated in Fig. 2 . The ion source is re-entrant into the terminal end and the ground electrode which is also re-entrant houses a magnetic quadrupole triplet to focus the beam on the linac buncher gap. The outer shell of the column is 117 cm long and consists of 30 ceramic rings and titanium discs which are epoxy bonded. An indium 0-ring isolates the bond from the internal vacuum. A voltage stress relief gap was ground into the ceramic rings on the inner radius at the metal-insulator joint. The ceramic wall is protected from ion bombardment and sputtering by interlocking T-shaped rings. The bottoms of the "T's" concentrate the field at the center of the gap, thereby reducing the field gradient at the metal ceramic joint to a minimum. The average wall field gradient is 15 kV/cm. The voltage divider string which spirals down the outside of the column consists of 60 Carborundum ceramic resistors with a total of 300 MO impedance. This is mounted on the plexiglas column support plates as shown in Fig. 3 . A current drain of 5 mA down the divider string at 1.5 MV should be adequate to prevent large imbalances in the gradient during beam bursts.
Alternate resistors will soon be available and our testing will resume. The beam diagnostics necessary for tuning the transported beam are being installed.5
As soon as the beam is optimized at 1.5 MeV, it will be transported through the linac buncher and first cavity.6
Fig. 4 The accelerating column pumping beam port of preaccelerator. The ground end magnetic quadrupole triplet is inserted in the ground electrode through the vacuum manifold at the end of the preaccelerator. It is 90 cm long and has an outer diameter of 29 cm and a bore diameter of 10 cm. The peak field gradient is 20 T/m with pole tip fields of 1.0 T. The high conductance manifold is pumped by five Ultek 1000 k/s cryopumps. The column is therefore susceptible to hydrocarbon contamination only during the short periods when a mechanical pump is used to establish a rough vacuum. The ultimate vacuum of the column is 1 x 10-7 mmHg. With a pulse repetition rate of 1 Hz the gas load of the source will raise this to 1 x 10-6 mmHg. The pumping manifold can be seen in Fig. 4 at the downstream end of the preaccelerator.
Status
The assembly of the preaccelerator was completed in mid-February and initial tests started. The first objective is to condition the column to 1 MV and study its operation with a 30 mA Xe+l beam. Then it will be conditioned as high as possible and Xe+1 beam extracted at 1.5 MeV. So far the column has been conditioned to 900 kV, this required only 10 hours and very few sparks. However, the conditioning had to be terminated because of failures of the resistors in the divider string.
